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Departamento de Fı´sica, CINVESTAV, AP 14-740, 07000 Mexico DF, Mexico
In this paper we present the description of the flavor-untagged decays B0
d
→ J/ψK∗0 and B0s → J/ψφ in the
transversity basis. The study of these B mesons in that basis makes it possible to extract information about flavor
SU(3) symmetry and to verify if the factorization assumption is feasible for the decay B0
d
→ J/ψK∗0. The lifetime
ratio τ¯s/τd is also extracted with this description.
1. INTRODUCTION
Both decays considered in the present analysis, B0d → J/ψK
∗0 and B0s → J/ψφ, are decays of a pseudo-scalar to
a vector-vector intermediate state. The observables of the angular distributions, the linear polarization amplitudes
and the strong relative phases of the B mesons that decay in such a way, can be extracted by their description
in the transversity basis [1]. By measuring those observables, we can obtain important information about flavor
SU(3) symmetry and the factorization assumption related with these decays. The former requires that the linear
polarization amplitudes and the strong relative phases characterizing these decays should have the same values [1, 2]1.
Factorization states that, in the absence of final-state interactions (FSI), the strong phases are 0 (modπ) [1, 3] for
the B0d → J/ψK
∗0. In this paper we describe the flavor-untagged2 decays B0d → J/ψK
∗0 and B0s → J/ψφ in the
transversity basis. The final measurements of these analyses are reported in Ref. [4].
2. THE ANGULAR DESCRIPTION OF THE DECAYS B0d → J/ψK∗0 AND B0s → J/ψφ
Due to the same 4-track topology, the decays under study can be described by the same transversity basis (see
Fig. 1). We denote by ω = {ϕ, cos θ, cosψ} the set of the angular variables for this basis.
Figure 1: The angular variables of the transversity basis ϕ and cos θ are defined in the J/ψ rest frame (left), and cos θ in the
K∗0 rest frame relative to the negative direction of the J/ψ in that frame (center). The translation of this basis to the decay
B0s → J/ψφ is straightforward due to the same 4-vertex track topology for the decays (right).
1An interesting discussion in Ref. [2] states that the flavor symmetry comes from U(3) rather than SU(3).
2By not identifying the initial B meson flavor
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For the B0d system, we take into account the interference between the Kπ P - and S-wave amplitudes as described
in Ref. [5]. Therefore, the differential decay rate for the untagged decay B0d → J/ψK
∗0 is given by [1, 5]:
d4P
dω dt
∝ e−t/τd
{
cos2 λ
[
|A0|
2f1(ω) + |A‖|
2f2(ω) + |A⊥|
2f3(ω)− ζ Im(A
∗
‖A⊥)f4(ω) + Re(A
∗
0A‖)f5(ω)
+ ζ Im(A∗0A⊥)f6(ω)] + sin
2 λ · f7(ω) +
1
2
sin 2λ
[
f8(ω) cos (δ2 − δ1 − δs) |A‖| (1)
+ f9(ω) sin (δ2 − δs) |A⊥|+ f10(ω) cos δs · |A0|]} ,
where τd is the B
0
d lifetime, ζ = +1(ζ = −1) is for an initially produced K
+(K−); λ, δs, and fi(ω) are defined in
Refs. [1, 5]. If any of the strong phases, δ1 ≡ arg[A
∗
‖A⊥] and δ2 ≡ arg[A
∗
0A⊥], are not consistent with 0(modπ), then
the factorization assumption is not valid for the decay B0d → J/ψK
∗0.
In the B0s system, since the standard model predicts a very small CP-violating phase [6], we assume CP conservation
for simplicity. From this, the differential decay rate for the untagged decay B0s → J/ψφ is given by [1] :
d4P/ (dω dt) ∝ e−ΓLt
[
|A0|
2f1(ω) + |A‖|
2f2(ω) + Re(A
∗
0A‖)f5(ω)
]
+ e−ΓHt|A⊥|
2f3(ω), (2)
where ΓL(H) ≡ 1/τL(H) is the inverse of the lifetime corresponding to the light (heavy) mass eigenstate. For
this decay, we have access to the same linear polarization amplitudes as for the B0d and the phase δ‖, which is
related with δ1 and δ2 by means of the relation δ‖ = δ2 − δ1. In this analysis, we also measure the mean lifetime
τ¯s ≡ 1/Γ¯ = 2/ (ΓL + ΓH). If flavor SU(3) [1] (or U(3) [2]) symmetry is valid, then the linear amplitudes and the
strong phases should be consistent with being equal for both the B0d and B
0
s mesons.
3. THE MONTE CARLO REWEIGHTING
The distributions of certain kinematic variables in the Monte Carlo (MC) simulation, such as the transverse
momentum pT of the particles, do not agree well with data. The D0 Detector [7] has a tracking and a muon systems
such that the muon reconstruction is well understood. Because of this, we choose the pT (J/ψ) distribution to weight
the generated MC distributions to agree with that of data. The comparison of some kinematic distributions before
and after reweighting is shown in Fig. 2.
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Figure 2: pT (J/ψ) (top) and pT (B
0
d) (bottom) distributions before (left) and after (right) reweighting for the decay B
0
d →
J/ψK∗0 using the histogram of the pT (J/ψ) distribution. The reweighting method improves the MC distributions, as can be
seen from the Kolmogorov tests. Similar histograms are obtained for the decay B0s → J/ψφ
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4. THE ANGULAR EFFICIENCY ǫ(ω)
We need to take into account the effect of the detector in the theoretical distributions Eqs. (1) and (2). We model
this effect assuming that it can be written as a product of three polynomials ǫ(ω) = p1(ϕ)p2(cos θ)p3(cosψ). The
coefficients of these polynomials are obtained by fitting the angular distributions of the reweighted MC. For the B0d
decays, the polynomials that give us the best modeling for ǫ(ω) are those shown in Fig. 3. We follow the same
procedure to obtain the polynomials for the decay B0s → J/ψφ.
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Figure 3: Polynomials pi for the B
0
d angular efficiencies.
5. THE ANGULAR PROBABILITY DISTRIBUTION FUNCTIONS
To extract the angular and lifetime parameters that describe the flavor-untagged decays B0d → J/ψK
∗0 and
B0s → J/ψφ, we need to write the Eqs. (1) and (2) as probability distribution functions (pdf). The angular pdfs for
the j-th B0d and B
0
s candidates are given by:
FB0
d
(|A0|
2, |A‖|
2, δ1, δ2, τd) =
ε(ωj)
NB0
d
,sig
10∑
i=1
gifi(ωj), (3)
FB0
s
(|A0|
2, |A‖|
2, δ‖, τ¯s) =
ǫs(ωj)
NB0
s
,sig

T Lsig
∑
i=1,2,5
hifi(ωj) + T
H
sigh3f3(ωj)

 , (4)
respectively, where gi(hi) are the coefficients of Eq.(1) [Eq.(2)] and NBd(s),sig is the normalization factor. The
complete description of the log-likehood functions for both decays is reported in Ref. [4].
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